Abstract Diseases and tumors of the appendix vermiformis are very rare, except for acute appendicitis. This study aimed to examine rare findings in the histopathologic examinations of specimens of patients undergoing appendectomy due to the diagnosis of acute appendicitis. The files of 1970 patients undergoing appendectomy due to the diagnosis of acute appendicitis between March 2012 and March 2016 were retrospectively investigated. Rare findings were found in 59 (3 %) patients, and these were evaluated in detail. Patients' age, gender, pathology reports, and postoperation follow-ups were recorded. The rare histopathological findings of 59 patients were examined. Of these, 31 were female (52.5 %) and 28 were male (47.5 %). The average age was 33.1 ± 18.2 years. The unusual findings were as follows: 16 fibrous obliteration, 11 Enterobius vermicularis, 2 schistosomiasis, 3 appendiceal neuroma, 2 granulomatous appendicitis, 1 Crohn's disease, 3 chronic appendicitis, 1 endometriosis, 2 hyperplastic polyps, 9 mucinous cystadenoma (+mucocele), 8 carcinoid tumors, and 1 lymphoma. All of the malignant tumors were localized in the distal end of the appendix, and all of the patients were treated with appendectomy. Patients with parasitic diseases also underwent anthelmintic treatment, while chemotherapy was administered to the patient with lymphoma. All of the patients diagnosed with malignancy were alive reported no problems at their follow-ups. Although all of the appendectomy samples were normal macroscopically, data from this study suggest that all specimens should be sent for routine investigation.
Introduction
Acute appendicitis (AA) is one of the most common causes of acute abdomen surgery, and appendectomy is the most commonly performed surgical procedure worldwide. The lifetime frequency of AA is 8.6 % in males and 6.7 % in females [1] .
The increased incidence of AA, which peaks in young adults in their twenties, is associated with lymphoid development. Lumens obstruction is an effective factor in the formation of AA. However, fecaloid and lymphoid hyperplasia are the most common causes and can cause obstruction in some rare cases [2, 3] . These hyperplasias include enterobiasis, ascariasis, balantidiasis, taeniasis, actinomycosis, schistosomiasis, amebiasis, trichuriasis, blastocystis hominis, tuberculosis, adenovirus, neurofibroma, carcinoid tumor, goblet-cell carcinoid, primary or secondary adenocarcinoma, cystadenocarcinoma, lymphoma, leukemia, dysplastic changes, endometriosis, granulomatous diseases, gastrointestinal stromal tumor, mucocele, villous adenoma, tubulevillous adenoma, tubular adenoma, leiomyoma, diverticulitis, eosinophilic granuloma, and neurogenic appendicopathy [2, 3] .
The literature describes different protocols for sending appendectomy specimens for pathological examination. Matthyssens et al. suggested that it is not necessary to routinely send appendectomy specimens unless they raise doubts macroscopically; however, there has not been a consensus regarding whether all specimens should be routinely sent for analysis [4, 5] . On the other hand, some studies have reported that unusual results are becoming more common. Consequently, important pathological findings may be overlooked, which might affect the treatment of some patients [6] . More than half of appendiceal tumors are diagnosed in pathological examination. Moreover, diagnoses such as parasitic infections, endometriosis and inflammatory bowel diseases can be also made with the evaluation of appendectomy specimens [7, 8] .
In this study, we investigated the frequency of unexpected rare pathologies seen in appendectomy specimens in University Medical Faculty Hospital and compared our results with those reported in the literature.
Methods
This study was approved by the local ethics committee. The files of 1970 patients who underwent appendectomy with the diagnosis of AA between March 2012 and March 2016 in University Medical Faculty Hospital were retrospectively examined. The patients' age, gender, operative findings, diagnosis of pathology, postoperative results, and follow-ups were recorded. Information on postoperative conditions was recorded through May 2016.
There were 1188 (60 %) male patients and 788 (40 %) female patients. All of the appendectomy specimens were obtained from appendectomies conducted in our hospital. Histopathological examinations were performed in the hospital's pathology unit. Unusual pathology results after appendectomy were recorded. Appendectomy specimens with unusual findings (n = 59, 3 %) were re-evaluated by experienced pathologists.
Results
A total of 1970 patients with the diagnosis of acute appendicitis underwent appendectomy between March 2012 and March 2016 in Adıyaman University Medical Faculty Hospital. The diagnoses of all patients were confirmed via physical examination and laboratory findings. Unusual findings were observed in 59 (3 %, 28 male and 31 female) of the patients who underwent appendectomy. The range of age was 3-72 years and the mean age was 33.1 ± 18.2 years.
The unusual findings (n = 59) were as follows: 16 (27.1 %) fibrous obliteration, 11 (18.6 %) Enterobius vermicularis, 2 (3.3 %) schistosomiasis, 3 (5 %) appendiceal neuroma, 2 (3.3 %) granulomatous appendicitis, 1 (1.7 %) Crohn's disease, 3 (5 %) chronic appendicitis, 1 (1.7 %) endometriosis, 2 (3.3 %) hyperplastic polyps, 9 (15.2 %) mucinous cystadenoma (+mucocele), 8 (13.5 %) carcinoid tumors, and 1 (1.7 %) lymphoma (Fig. 1) . The numbers of patients based on etiologic causes are summarized in Table 1 .
All patients with malignancy had a clinical prediagnosis of acute appendicitis. There were no symptoms of carcinoid syndrome in any of the patients, and there was no suspicion of appendiceal tumor in any of the patients preoperatively. The malignant patients were diagnosed by histopathological examination and were sent to undergo treatment and follow-up with an oncologist. Appendectomy was sufficient for all patients. Chemotherapy was additionally administered to the patient with lymphoma. At the time of this manuscript, all patients with tumor are still alive. The mean disease-free follow-up duration was 25.8 months. The clinicopathological features of the tumor cases are summarized in Table 2 . After establishing diagnosis by histopathologic examination, patients were followed-up with via abdominal ultrasonography, computed tomography, colonoscopy, and hydroxy indoleacetic acid measurements in 24-h urine samples. All patients were followed up with once every 3-6 months during the first year. In addition, the patients diagnosed with parasitic infections underwent oral medical treatment.
Discussion
Appendectomy is one of the most commonly performed surgical procedures [2] . Its incidence is quite proportional with lymphoid development and reaches its maximum level between the end of puberty and the mid-thirties.
The incidence of acute appendicitis is approximately the same in males and females before puberty; however, its incidence in females is twice that in males after puberty [9] .
Obstructions in the lumen are the most important factors causing acute appendicitis. Intraluminal obstruction causes continuous mucus secretion, which leads to increases in pressure. This obstructs the lymphatic drainage, causing the development of edema and mucosal ulceration. The distension of the appendix increases, which results in venous obstruction. Following these events, ischemia and necrosis develop on the appendage wall [10] .
Although fecalith and lymphoid hyperplasia are the most common factors causing intraluminal obstruction, some other rare factors have also been identified [11] [12] [13] . Intestinal parasitic diseases and malignant or benign tumors are the most common unusual pathological findings observed in specimens after appendectomy due to any cause [9] .
E. vermicularis (pinworms, oxyuris) is a parasitic infection that affects nearly 200 million people worldwide. At the end of the nineteenth century, it was first shown that the localization of E. vermicularis on the appendiceal lumen causes appendicitis. Previous studies have shown that the incidence of E. vermicularis is between 0.6 and 3.8 % in surgical specimens of patients suspected to have appendicitis [14] . These patients should also undergo anthelmintic treatment, as appendectomy only treats the consequences, but not the cause, of disease. E. vermicularis infestation is treated with oral mebendazole, which is repeated in 2 weeks [2] . Similar to the literature, in our current study, 11 (0.6 %) patients had oxyuris infestation and were given anthelmintic treatment.
The relationship between AA and schistosomiasis, another parasitic infection, was first identified by Burfield in 1906 [15] . Schistosomiasis, also known also as bilharziasis, is a rare cause of appendicitis that is seen only in endemic areas. Its prevalence depends on the presence of fecal contamination and snails in the source of drinking water [16] . In a study conducted in Nigeria by Gali et al., 2.3 % of appendectomy specimens had eggs of this parasite (as determined by histopathological examination) [17] . The development of a periappendiceal reaction against the parasite causes its pathophysiology. Inflammation causes structural deformation on the appendage wall, leading to intraluminal obstruction and appendicitis. Schistosomal appendicitis is treated with appendectomy and praziquantel [2] . In our current study, this parasite presented in only 2 (0.1 %) appendectomy specimens. Crohn's disease 1 Histopathological examinations of appendectomy specimens have revealed that fibrous obliteration occurs at a rate of nearly 30 %. Despite this identification, the majority of the specimens are positive for neurogenic proliferation. Therefore, various definitions, including neurogenic appendicopathy and appendiceal neuroma, have recently been used. Although the mechanism of this pathological formation is not fully known, it is thought to develop secondary to hyperplasia of the neuroendocrine cells. The appendiceal lumen is full of inflammatory cells and fibrous tissue, and therefore, it is frequently accompanied by proliferating neuroendocrine and nerve cells. The differential diagnosis between acute appendicitis and appendiceal neuroma is difficult, and it should be established according to the patients' anamnesis, symptoms, and laboratory and physical examination findings. Most of these cases become incidentally evident with pathological examination in asymptomatic patients [18, 19] . One study reported that fibrous obliteration was found in 57 (65 %) of 88 appendectomy specimens with unusual findings [3] . In our current study, of the appendectomy specimens with unusual findings, there were 16 (27.1 %) with fibrous obliteration and 3 (5 %) with appendiceal neuroma.
Granulomatous appendicitis can be incidentally found in patients with acute appendicitis. Its incidence is rare, and is reported to be between 0.14 and 0.3 % in western societies and between 1.3 and 2.3 % in less developed countries [20, 21] . Diagnostic criteria for granulomatous appendicitis are similar to those of the intestinal tract, and include granulomatous inflammation, transmural lymphoid accumulation, and fissure type ulcers. Several infectious and non-infectious factors may cause granulomatous appendicitis.
Granulomatous inflammation of the appendix may also be associated with Crohn's disease and some other conditions, such as systemic sarcoidosis. However, in most cases, it has been incorrectly reported that granulomatous appendicitis is an indicator of Crohn's disease. In fact, only 5 to 10 % of patients with granulomatous appendicitis have conditions associated with Crohn's disease developing in other parts of the gastrointestinal system. Idiopathic granulomatous appendicitis is difficult to distinguish from early stage Crohn's disease, which only affects the appendix. The definitive diagnosis of granulomatous appendicitis requires longterm monitoring and detailed research. It has been reported that infectious agents such as Yersinia, Mycobacterium, Blastomycosis, Schistosoma, Actinomyces, Campylobacter, and Histoplasma are responsible for causing granulomatous inflammation of the appendix. The clinical course of these diseases is always changing, and patients often have symptoms of acute appendicitis, such as right lower quadrant pain, fever, nausea, and loss of appetite [2, [20] [21] [22] . One of the patients in our current study had granulomatous appendicitis; in this patient, a detailed investigation was performed due to the development of postoperative enterocutaneous fistula and Crohn's disease.
Endometriosis is identified as the presence of endometrial tissue ectopically outside the uterine cavity. Although endometriosis is common in most females of reproductive age, its gastrointestinal localization is rare. Approximately 10 % of females with endometriosis have pathologies of the intestinal region classified as external endometriosis. Intestinal endometriosis is mostly observed in the rectum and in the sigmoid colon and is rarely seen in the appendix. Although appendiceal endometriosis is usually asymptomatic, it sometimes causes appendicitis, perforation, and invagination. The histopathological diagnosis of appendiceal endometriosis is based on the demonstration of endometrial tissue in the specimen. This condition is often treated with surgery and hormone therapy [2, 3, 14] . In our current study, appendiceal endometriosis was detected in one patient. The patient began medical treatment after consultation with gynecology.
Carcinoid tumor is the most common type of malignant tumor of the appendix, and its incidence is reported to be approximately 60 %. In patients undergoing appendectomy, the incidence was found to be between 0.3 and 2.3 %. Its incidence in females is 2-3 times that in males. The preoperative diagnosis of carcinoids is quite rare, as they are usually detected incidentally after an appendectomy [2, 13, 23, 24] . Approximately 70-95 % of carcinoid tumors are <1 cm and are localized at the tip of the appendix. Most of the appendix carcinoids are benign, and metastases of malignant carcinoids are rare. Appendectomy is adequate treatment for malignant tumors with a diameter of <1 cm, since their risk of metastasis is almost zero. The risk of metastasis increases up to 85 % in tumors with a diameter of >2 cm. Therefore, right hemicolectomy should be performed in those with carcinoid tumors of the appendix with a diameter of 2 cm or greater [2, 11, 23, 24] . Consistent with the literature, in our current study, appendix carcinoid tumor was detected in eight patients (0.4 %), and the female/male ratio (4:4) was 1. All of the affected patients presented with signs and symptoms of acute appendicitis. None of these patients showed findings of carcinoid syndrome, and none of these patients needed hemicolectomy.
Extranodal lymphomas are typically observed in the gastrointestinal tract of 35-40 % of all extranodal patients. The most frequently affected organs include the stomach, intestine, colon, and esophagus, respectively. The incidence of primary appendix lymphoma is estimated to be between 0.015 and 0.022 % of all appendix specimens. Appendix lymphoma is usually seen in those in their twenties and thirties. It clinically behaves like acute appendicitis and is often diagnosed via histopathological examination following surgery. The most common histopathological type is B cell lymphoma. Since extranodal lymphomas are rare, there are no defined treatments. In our current study, B cell lymphoma was detected in just one (0.05 %) case. The patient underwent chemotherapy and is in remission; there was no recurrence at followup [2] .
Appendix mucocele was identified for the first time in 1842. It is an obstructive dilatation of the appendix caused by the accumulation of mucoid material into the appendiceal lumen. The incidence of this lesion is reported to be between 0.2 and 0.7 %. Appendix mucocele has been described as four histopathological types: retention cyst, mucosal hyperplasia, mucinous cyst adenoma, and mucinous cyst adenocarcinoma. Mucoceles are often asymptomatic, and therefore, they are usually identified during appendectomy, laparotomy performed for another reason, or during examination of the surgical specimen. The standard treatment of appendix mucocele is appendectomy, but right hemicolectomy is necessary in mucinous cyst adenocarcinomas [2, 25] . In our current study, nine appendectomy specimens were reported as mucinous cystadenoma (+mucocele). Appendectomy was sufficient in all of these cases. Since mucinous cyst adenomas are highly associated with colon and ovarian malignancies, postoperative follow-ups of our cases were conducted using computed tomography, ultrasonography, and colonoscopy [14] .
Appendix hyperplastic polyps (AHP) are rare, and their actual incidence is unknown. These polyps are typically small and have similarities with hyperplastic polyps, which can be seen anywhere in colon. Although AHP can present with symptoms of acute appendicitis, it is usually detected incidentally. Such polyps are significantly associated with adenocarcinoma in any part of the colon. Therefore, the presence of mucosal hyperplasia findings in appendectomy material is an indication that further detailed research should be conducted to eliminate colorectal cancer [26] . In our current study, hyperplastic polyps were found in the appendectomy specimens of two patients with acute appendicitis. There were no symptoms of malignancy in these cases.
Although AA is the most common pathology affecting the appendix, chronic or recurrent appendicitis can also be seen. Chronic inflammatory changes up to 5 %, infiltrated by both lymphocytes and plasma cells on serous and muscular layers, and can be seen in the specimens of patients who underwent appendectomy. Chronic inflammation of the appendix is determined based on the presence of lymphocytic and eosinophilic infiltration, fibrosis, and granulomatous and foreign body reaction. Since this rare pathology creates a dilemma for clinicians in its diagnosis and treatment, there are often delays in its diagnosis. Chronic appendicitis does not display the classic signs of acute appendicitis, and therefore, its diagnosis should be established with histopathological examination. Chronic appendicitis should also be considered in the differential diagnosis of patients with recurrent or chronic right lower quadrant pain. Computed tomography is the best test for its diagnosis, and appendectomy can be an effective treatment for these patients [27] . In our current study, of the three patients reported as having chronic appendicitis, two had a history of recurrent abdominal pain and one had chronic abdominal pain.
Conclusion
Although lymphoid and fecaloid hyperplasia are the most common causes of acute appendicitis, other unusual causes should also be considered. These unusual causes may be overlooked if specimens do not undergo histopathological evaluation. These overlooked causes may prevent full therapy of the disease, and therefore, we suggest that all appendectomy specimens undergo histopathological evaluation.
The most common unusual findings in appendectomy specimens are parasites and benign or malignant tumors. Appendectomy is not sufficient therapy in parasitic diseases; in these cases, anti-parasitic treatment should be performed. While appendectomy is curative in cases with benign tumors, additional surgery may be necessary in those with malignant tumors, based on the characteristics of the mass. Therefore, overlooked malignant lesions may cause further medical, social, and legal problems.
In conclusion, all appendectomy materials should undergo routine histopathological investigation due to unexpected and unusual findings, even in cases where the appendectomy materials are macroscopically normal.
Compliance with Ethical Standards This study was approved by the local ethics committee.
Conflict of Interest
The authors declare that they have no conflict of interest.
Informed Consent Written informed consent was obtained from the patient.
Funding The authors declared that this case has received no financial support.
